Neuro-exocytosis: botulinum toxins as inhibitory probes and versatile therapeutics.
For the fundamental process of quantal neurotransmitter release, a consensus is being reached on the recycling pathways for transmitter-containing, small synaptic vesicles (SSVs), and major inroads have been made into deciphering the multiple steps of regulated exocytosis. These advances arose from the identification of approximately 80 proteins in SSVs, elucidation of the structures of pertinent macromolecular complexes, utilisation of different serotypes (A-G) of botulinum neurotoxin (BoNT) together with transgenic mice lacking key genes. Hence, converging evidence continues to emerge for the sequential formation of complexes between the three SNAREs (SNAP-25, syntaxin and VAMP) and their regulatory proteins (complexins, Munc18), as well as for the Ca2+ triggering of membrane fusion/exocytosis via its sensor, synaptotagmin. Moreover, molecular data gained on BoNTs have been translated into Clinical Medicine with type A now being applied worldwide for effectively treating >100 human conditions due to overactivity of nerves supplying various muscles or glands. A recent advance is the successful engineering of a chimera from two BoNTs to acquire the capability of re-targeting a more active moiety to sensory neurons, with resultant inhibition of the release of a pain mediator. Encouragingly, this novel recombinant protein blocks the exocytotic response triggered by a stimulant (capsaicin) of nociceptive C fibres that activates their vanilloid receptors, a feat not possible for either parental toxin. Reaching this landmark has generated optimism for designing further variants of such a versatile therapeutic for normalising the hyper-activity of particular cell types, especially those underlying the many cases of chronic pain that do not respond to existing drugs.